S troke is a leading cause of serious, long-term disability and the third leading cause of death in the US. 1 Atrial fibrillation (AF) increases stroke risk 5fold and accounts for approximately 15% of all strokes. 2,3 AF affects 12% of adults aged 75 years and older and its prevalence is expected to double by 2050. 2,4-6 Warfarin, an oral anticoagulant, reduces annual risk of ischemic stroke risk by approximately two thirds in patients with AF, from 4.5% to 1.4%. 7-9 Except for patients at a very low risk for stroke, practice guidelines published by the American College of Cardiology Foundation, American Heart Association, and other scientific bodies recommend warfarin therapy for stroke prevention in AF patients without contraindications. 2,10 Despite this recommendation, the use of warfarin in AF patients remains low, with rates ranging from 39% to 65%. BACKGROUND: Although warfarin therapy reduces stroke incidence in patients with atrial fibrillation (AF), the rate of warfarin use in this population remains low. In 2008, the Medicare Part D program was expanded to pay for medications for Medicare enrollees.
warfarin and other anticoagulants) to prevent stroke is an important public health issue.
Warfarin is a complex drug to use. The required frequent blood testing and dose adjustments, along with the perceived risk of bleeding (especially gastrointestinal and intracranial bleeds) are common barriers to warfarin prescribing and optimal patient adherence. [15] [16] [17] [18] [19] Recently introduced oral anticoagulant agents (dabigatran [a direct thrombin inhibitor] and apixaban and rivaroxaban [factor Xa inhibitors]) have potential to reduce these barriers because they have fixed doses and require no blood testing. [20] [21] [22] Clinical trials on these new agents showed similar or better efficacy in stroke prevention and a better adverse effect profile compared with warfarin. [20] [21] [22] As more AF patients use these warfarin alternatives, it is important to understand the magnitude of potential warfarin underuse and the reasons for such underuse. Such understanding may help us anticipate (and plan for) therapeutic challenges (eg, toxicity misperceptions and anticoagulant underprescription) that may arise from use of these new anticoagulants. For example, regardless of availability of and access to oral anticoagulants, the decision to use warfarin is often based on the risks versus benefits perceived by the physician, 15,23 which vary by patient. A retrospective cohort study has shown that physicians were less likely to use warfarin therapy after patient exposure to any adverse bleeding event, as compared to before the event. 23 This lack of precision in practice patterns in warfarin prescribing contributes to variability in warfarin's use. There is regional variation in stroke prevalence. Although studies show little evidence linking regional variation in stroke to variation in stroke risk factors, the quality of management of such risk factors as AF, hypertension, smoking, and diabetes may explain some regional and racial variation. 4,15,24, 25 However, little is known about regional and statewide variations in the use of warfarin and other oral therapies for stroke prevention in Medicare enrollees with AF, in part because of the lack of a large nationwide database for outpatient oral drugs. The few studies conducted have small sample size or have been limited to restricted Medicare populations such as long-term care residents, managed-care beneficiaries, hospitalized patients, or patients in specific regions or health care settings. 11-15, 26 In 2006 the Medicare Part D program was implemented; in 2008 the program paid for outpatient prescription medications for approximately 27 million enrollees. The existence of this nationwide outpatient medication database allowed for the examination of national patterns of warfarin use in a large population-based sample. With the expanded coverage of medications by the Medicare Part D program, we wanted to know the rates and predictors of warfarin use in older patients with AF. We thus assessed the national rates of warfarin use across the US by patient characteristics and geographic location. This investigation is an important step in improving our understanding of the previously reported regional differences in stroke rate and in determining whether such regional differences parallel regional variations in the management of AF, a key risk factor for stroke.
Methods

DATA SOURCES
Claims from 2007 and 2008 for a 5% national sample of Medicare beneficiaries were used, including Medicare beneficiary summary files, Medicare Provider Analysis and Review (MedPAR) files, Outpatient Standard Analytic Files (OUTSAF), Medicare Carrier files, and Prescription Drug Event (PDE) files.
STUDY COHORT ESTABLISHMENT
Medicare beneficiaries with at least 2 AF diagnoses in 2007 and at least 1 in 2008 were selected (N = 108,777). The AF diagnoses included patients with AF and atrial flutter, identified by International Classification of Diseases, Ninth Revision, Clinical Modification (ICD -9-CM) code 427.3. We excluded beneficiaries who were enrolled in health maintenance organizations (HMOs), did not have continuous Medicare Parts A and B coverage during 2007 and 2008, did not have continuous Medicare Part D coverage in 2008, or were younger than 66 years in 2008 (n = 66,970). Using ICD -9-CM code V66.7, we further excluded beneficiaries who had encounters for palliative care (including end-of-life care, hospice care, and terminal care) in 2008 (n = 81), and those who were ever on enoxaparin, fondaparinux, dalteparin, or tinzaparin at some time in 2008, but not on warfarin (n = 279), leaving 41,447 subjects in the study cohort. The University of Texas Medical Branch Institutional Review Board on human protection and research ethics approved the study.
MEASURES
We categorized beneficiaries by age, sex, and race/ethnicity using Medicare beneficiary summary files. We used the Medicaid indicator in 2008 as a proxy of low socioeconomic status. We calculated the CHADS 2 (congestive heart failure, hypertension, age, diabetes, and stroke or transient ischemic attack) score in 2007 by adding 1 point for each of the following conditions: congestive heart failure (ICD -9-CM codes 398.91, 428.x), hypertension (401.x-405.x, 437.2), age 75 years or older, diabetes (250.x), and 2 points for stroke or transient ischemic attack (TIA, 342.x, 433.x-438.x, V12.54). CHADS 2 is a validated risk score for predicting stroke in the setting of untreated AF, with higher scores indicating higher risks. In the multivariable analysis, we used a modified CHADS 2 score by excluding the age criterion, since we were interested in studying the direct effect of age on warfarin use. Excluding age from the CHADS 2 score also eliminated the collinearity between age and the CHADS 2 score in the multivariable analysis.
A contraindication to anticoagulation was defined as having at least 1 diagnosis (in any position of the listed diagnoses by the Medicare providers) associated with hospitalization or at least 2 diagnoses (in any position) at least 30 days apart from Carrier/OUTSAF. The contraindications were based on the ICD -9-CM codes. The ICD -9-CM codes identifying the contraindications in 2007 are as follows: falls (E884.9, E887, E888. 8 Cardiologist visits in 2007 were determined by Part B claims in the Carrier files, with cardiology being the physician specialty. To find the primary care physician (PCP) for the cohort subjects, we first identified outpatient visits using American Medical Association Current Procedural Terminology evaluation and management codes 99201 to 99205 (new patient encounters) and 99211 to 99215 (established patient encounters). Individual providers were differentiated by using their Unique Physician Identification Number or National Provider Identifier. Physician specialty was based on Part B claims in the Carrier files. Those with multiple specialty codes were assigned the specialty that appeared most often in their claims. A PCP was defined as a general practitioner, family physician, internist, or geriatrician who saw the patient on 2 or more occasions in an outpatient setting in 2007. If a beneficiary had multiple PCPs in 2007, the PCP with the highest number of visits was assigned as that beneficiary's PCP. In cases of ties in visits, the most recently visited PCP was assigned.
STUDY OUTCOMES
Our study outcome was having at least 2 warfarin prescriptions filled on different dates in 2008. This was determined by examining the PDE records for the study cohort.
STATISTICAL ANALYSES
The percentage of beneficiaries who received warfarin in 2008 was calculated and stratified by patient characteris-tics. χ 2 Testing was used to examine differences in warfarin use rates by characteristics.
To account for the clustering effect of patients within Hospital Referral Regions (HRRs), hierarchical generalized linear models were used to examine the association of patient characteristics with the likelihood of receiving warfarin. The multilevel analysis excluded beneficiaries with diagnoses known to be contraindications to warfarin use. All analyses were performed with SAS version 9.2 (SAS Inc., Cary, NC). The Dartmouth Atlas of Health Care was accessed to establish HRRs to analyze regional variation. 28 The map showing warfarin use rate in HRRs was constructed using ArcMap 9.3 for the HRRs that had at least 20 cohort subjects. Table 1 presents the overall warfarin use rate and results of bivariate (unadjusted) analysis of variations in rate according to patient characteristics, region, and CHADS 2 score. The overall rate of warfarin use in the entire study cohort was 66.8%. Unadjusted correlates of lower rates of warfarin use are increasing age, being nonwhite, female sex, having low income, and increasing number of comorbid conditions. Seeing a cardiologist or PCP was associated with higher rates of warfarin use. Unexpectedly, warfarin use rate was lower in those with CHADS 2 scores of 2 or more compared to those with a CHADS 2 score of 0. Additional analysis (table not shown) revealed that patients with a CHADS 2 score of 2 or more are older (mean age ± SD 81.5 [6.8] ) and have more comorbidities (mean Elixhauser comorbidity score 1.8 [1.6] ) than those with a CHADS 2 score of 0 (mean age 70.6 [2.6] and mean Elixhauser comorbidity score 0.7 [1.0]). The low rate of warfarin use likely reflects the reluctance of clinicians to prescribe warfarin to the elderly and those with multiple comorbidities, regardless of CHADS 2 -based treatment guideline recommendations. Table 2 presents the results of a multivariable analysis of the association between patients' characteristics and the odds of their using warfarin in 2008. Patients with contraindications to warfarin were excluded from this analysis. The modified CHADS 2 score (without the age criterion) was used in the analysis to study the independent effect of age on warfarin use. Compared with non-Hispanic whites, blacks were less likely to use warfarin (OR 0.86; 95% CI 0.76-0.97). There was no significant difference by sex. Patients aged 85 years or older, Medicaid beneficiaries, and those with multiple comorbidities were also less likely to use warfarin. Factors associated with significantly increased odds of warfarin use were seeing a cardiologist in 2007 (OR 1.10; 95% CI 1.05-1.16), having a PCP in 2007 (OR 1.23; 95% CI 1.17-1.29), and having a modified CHADS 2 score of 2 or greater (OR 1.09; 95% CI 1.01-1.17). Figure 1 shows the rates of warfarin use in 2008 among patients living in the 306 HRRs in the US. The patients with contraindications to warfarin use were not included in this analysis. In general, patients in the Midwest had the highest rate of warfarin use by HRR. The South had the lowest rate of warfarin use, with less than a 60% use rate in many HRRs. These regional variations persisted even after adjusting for ethnicity and other patient characteristics ( Use rates in this category were from patients without contraindication for warfarin. The age criteria from the CHADS 2 score were removed so that the effect of age alone could be studied.
Results
Discussion
Past studies of the rate of warfarin use in older Americans with AF have focused on specific populations such as HMO enrollees, nursing home residents, or single-site health care facility inpatients. 11, 15 The recent availability of Medicare Part D data allowed us to examine rates and predictors of warfarin use in Medicare fee-for-service beneficiaries with diagnoses of AF across the US. We found an overall use rate of 66.8%. Previous studies of patients with AF reported a warfarin use rate ranging from 39% to 65%. 11- 14 The wide variations in previously reported rates in part reflect differences in settings (community hospitals vs Veterans Administration hospitals), characteristics of the population (nursing home residents vs community-dwelling HMO enrollees), and methods of determining warfarin use (medical chart review vs pharmacy database). 11, 14 Our findings of lower warfarin use among the very old and blacks are consistent with prior findings. 8, 11 Warfarin use declines with age. 14, 15, 26 This may reflect concern about the risk of intracranial hemorrhage, a risk cited in several studies as a major reason for not choosing warfarin therapy in the elderly. 11,16,29 Warfarin use has also been reported to be lower among black and Hispanic Medicare patients with AF. 8, 11 The unexpected finding of a lower unadjusted warfarin use rate among patients with a CHADS 2 score of 2 or greater can be attributed to the higher percentage of the very old and those with high comorbidities in this group compared to the group with a lower CHADS 2 score. However, when we adjusted for age and comorbidities in the multivariable model, those with a modified CHADS 2 score (without the age criterion) of greater than 2 had higher odds of being on warfarin compared to those with a modified CHADS 2 score of 0. Our findings suggest that clinicians might be relying more on age and comorbidity burden and less on CHADS 2 score in determining eligibility for warfarin use in patients with AF. Future study is needed to examine whether this therapeutic inertia based on advanced age and multimorbidity will continue or de-cline with the newly approved oral anticoagulants (eg, dabigatran), given their more standardized dosing and no indication for routine blood testing.
Our findings of lower warfarin use among ethnic minorities and those with no PCP or cardiologist visits have public health implications with regard to reducing strokerelated disability. Nonwhites (ethnic minorities) have higher rates of stroke and stroke risk factors (eg, diabetes and hypertension, but excluding AF) than whites. 4,6,30, 31 Despite the lower risk of AF reported among blacks compared to whites, 6 blacks have a higher risk of AF-related stroke, suggesting suboptimal management of stroke risk factors such as AF. Data from the REGARDS (Reasons for Geographic and Racial Differences in Stroke) study also show that blacks have lower odds of being aware of their AF compared to whites (OR 0.32; 95% CI 0.20-0.52). 4 A similar low awareness rate has been reported for those with hyperlipidemia. 31 Our findings of lower warfarin use in blacks suggest that stroke reduction policies (eg, increased access to PCPs or cardiologists) may help reduce the excess stroke risk in ethnic minorities, perhaps by increasing awareness and treatment of AF and other cardiovascular risk factors.
Analysis by HRR revealed that the Midwest has the highest rates of warfarin use. Past surveys of physicians have shown warfarin use in AF to vary by region, with the lowest rate in the South and the highest in the Midwest. 26, 32 Geographic and patient variation in warfarin use is a public health issue. This issue is a microcosm of a larger problem: stroke risk and mortality vary by geographic region in the US, with the highest rates in the Stroke Belt (Alabama, Arkansas, Georgia, Indiana, Kentucky, Louisiana, Mississippi, North Carolina, South Carolina, Tennessee, and Virginia). 30, 31 Identifying the pattern of underutilization of warfarin is a critical first step in addressing disparities in the use of this important treatment among older adults. Planning such efforts will require a better understanding of multilevel factors (patients, providers, health systems, environment, and cultures) in these states where age-adjusted stroke mortality rates are 10% or more above the national mean. This excess prevalence was accounted for by race/ethnicity, socioeconomic status (education and income), risk factors (smoking and obesity), and suboptimally managed chronic diseases (hypertension, hyperlipidemia, diabetes, coronary heart disease). 4,30,31 This variation by region may also reflect a difference in quality of treatment of stroke risk factors (especially AF) and/or unawareness of such risk factors. 4 One important consideration is the potential impact of the newly introduced oral anticoagulant drugs on patterns of undertreatment of patients with AF. While these drugs show similar
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The Annals of Pharmacotherapy I 2013 January, Volume 47 I 39 theannals.com or even better efficacy than warfarin in preventing stroke in AF, they are expensive. 20-22, 33 Overall, warfarin has lower out-of-pocket costs for patients. Although frequent blood testing adds to the health care system's overall cost, Medicare patients do not pay for the tests. However, data from the RE-LY (Randomized Evaluation of Long-Term Anticoagulation Therapy) and other anticoagulation trials showed dabigatran to be more cost-effective than warfarin for stroke prevention among AF patients aged 65 years or older with a CHADS 2 score of 1 or higher. 33 With the current study findings of low income predicting underuse of warfarin, future study is needed to examine whether the new oral anticoagulants (warfarin alternatives) would actually change patients' adherence, clinicians' reluctance to prescribe an anticoagulant, and the overall rate of anticoagulant use for stroke prevention in AF.
As Medicare Part D data on the new anticoagulant users accumulate, it is important to revisit long-term trends in the rate of anticoagulant (old and new) use and examine the impact of patient and physician factors on such trends. Potential safety concerns (eg, increased risk of myocardial infarction 34 and lack of antidote for bleeding complications) associated with the newly introduced anticoagulants may also impact long-term anticoagulant use rate. The emerging safety concerns with new agents underscore the need for more comparative studies of efficacy, safety, and cost effectiveness of new agents versus older agents. It is particularly important that such future cost-benefit and cost-effectiveness studies of warfarin alternatives go beyond using warfarin as the drug of comparison. The comparison should also extend to newly introduced oral anticoagulants versus no anticoagulant use; the omission of anticoagulation for stroke prevention is still highly prevalent in patients with AF, as shown in our study.
Our study has several limitations. First, Medicare Part D claims data did not include information about a Medicare beneficiary's preference regarding use of warfarin or the extent to which patients adhered to their prescribed regimen. Second, we have no information about out-of-pocket payments and the ability of patients to afford warfarin, despite warfarin being an inexpensive generic drug. However, we adjusted for this by using Medicaid eligibility as a marker of low income. Third, we were unable to assess factors affecting physicians' decisions as to whether to prescribe warfarin treatment for different subpopulations, even in the face of a high CHADS 2 score. Was avoidance of warfarin treatment attributable to the perceived higher risks in such populations, additional primary care cost and time, and/or administrative burden of managing the frequent visits for prothrombin testing? Future study is needed to answer these questions.
Fourth, our study did not analyze clinical outcomes (incidence of stroke or bleeding) stratified by warfarin use. The outcome in our study was rate of warfarin use in AF patients and which factors (patient and geographic characteristics) predicted such use, using 2007-2008 Medicare Part D claims data. As more years of Medicare Part D data become available, future studies are needed on how warfarin use versus nonuse, time in therapeutic INR, and frequency of warfarin prescription fillings affect incidence of outcomes such as stroke, transient ischemic attack, and bleeding complications. Such outcome studies might require the use of recently validated schemes (eg, HAS-BLED [Hypertension, Abnormal Renal/Liver Function, Stroke, Bleeding History or Predisposition, Labile International Normalized Ratio, Elderly, Drugs/Alcohol Concomitantly]) to estimate risk of bleeding prior to anticoagulation and a new stratification scoring system (CHADS 2 -VASc) to predict risk of stroke. 35,36 CHADS 2 -VASc has been shown to be better at predicting stroke than the CHADS 2 score, especially in AF patients traditionally classified as being at low risk (CHADS 2 score of 0 or 1). The CHADS 2 -VASc includes additional criteria of vascular disease, age 65 to 75 years, and sex category. 35 Finally, our sample population is mostly white, with exclusion of those younger than 66 years of age or enrollees in Medicare HMOs. Thus, we cannot extrapolate our findings to these populations. Despite these limitations, our study has several strengths, including its large cohort size, availability of Medicare Part D data on outpatient prescriptions, information on comorbidities, and a wide geographic representation of the Medicare population.
In summary, our study of 41,447 Medicare Part D program enrollees aged 66 and older with AF showed that warfarin use rates vary by region and by patient characteristics, with higher rates among residents of the Midwest and in patients seen by cardiologists and PCPs. We found lower rates among persons aged 85 years or older, in persons with low income, in those with multimorbidity, and in blacks. Our findings of lower warfarin use in ethnic minorities, a population known to have high risk of stroke and stroke risk factors, suggest that policies that increase access to PCPs or cardiologists may reduce the excess stroke risk in this vulnerable population with AF. Improving awareness and treatment of stroke risk factors such as AF and increasing access to primary care are key to reducing stroke-related disability and mortality in older Americans. MÉTODOS: Este fue un estudio de cohorte, retrospectivo, basado en población que usó los datos de los formularios de reclamación de 41,447 beneficiarios de Medicare de 66 años o mayores con por lo menos 2 diagnósticos de FA en el 2007 y por lo menos un diagnóstico en el 2008. Todos los sujetos tuvieron cobertura para recetas continua por la parte D del programa de Medicare en el 2008. Las estadísticas χ 2 fueron utilizadas para examinar las diferencias en el uso de warfarina según las características de los pacientes (edad, etnicidad, sexo, elegibilidad de Medicaid, comorbilidades, el tener contraindicaciones a warfarina y el ver a un cardiólogo o a un médico de cuidado primario [PCP]), los resultados de CHADS 2 (resultados más altos indican mayores riesgos de derrames cerebrales) y por regiones geográficas. Usando modelos lineales generalizados jerárquicos, restringidos a sujetos sin contraindicaciones a warfarina (n = 34,947), los autores examinaron el efecto de las características de los pacientes y las regiones sobre el uso de warfarina. RESULTADOS: El porcentaje total de uso de warfarina fue 66.8%. Los porcentajes variaron entre las regiones de referido de los hospitales, con los porcentajes más altos en los estados de la región central de los EE.UU. y los porcentajes más bajos en el sur. La variación regional persistió aún después de ajustar para las características de los pacientes. Un análisis de múltiples variables demostró que la probabilidad de estar en warfarina disminuyó significativamente con la edad y un aumento en comorbilidades, en personas negras y entre aquellos de bajos ingresos. El ver a un cardiólogo (odds ratio, OR = 1.10; 95% confidence interval, CI: 1.05, 1.16), el tener un PCP (OR=1.23; 95% CI: 1.17, 1.29) y resultados de CHADS 2 ≥2 (OR = 1.09; 95% CI: 1.01, 1.17) estuvieron asociados con una mayor probabilidad de uso de warfarina. CONCLUSIONES: Los porcentajes de uso de warfarina varían según las características de los pacientes y las regiones, con porcentajes más altos entre los residentes de la región central de los EE.UU. y entre pacientes vistos por cardiólogos y médicos de cuidado primario. La prevención de discapacidades relacionadas a derrames cerebrales en FA requiere la implementación de iniciativas basadas en evidencias para aumentar el uso de warfarina. OBJECTIF: Étudier les taux et les facteurs prédictifs de l'utilisation de la warfarine chez les bénéficiaires du Medicare Part D présentant de la fibrillation auriculaire. MÉTHODOLOGIE: Une étude de cohorte rétrospective utilisant les données de réclamation de 41,447 bénéficiaires du programme Medicare de 66 ans et plus, ayant au moins 2 diagnostics de fibrillation auriculaire en 2007 et au moins un en 2008, a été réalisée. Toutes les personnes devaient avoir une couverture continue des prescriptions de médicaments en 2008. Le test de χ 2 a été utilisé pour déterminer les différences dans l'utilisation de la warfarine selon les caractéristiques des patients (âge, ethnicité, sexe, éligibilité au programme Medicare, comorbidité, contre-indications à la warfarine, visite à un cardiologue ou à un médecin de famille), selon le résultat sur l'échelle CHADS 2 (un résultat élevé indique un risque élevé d'AVC) et selon les régions géographiques. En utilisant des modèles hiérarchiques linéaires généralisés aux patients ne présentant pas de contre-indications à la warfarine ( n = 34,947), les auteurs ont étudié l'effet des caractéristiques des patients et des régions sur l'utilisation de la warfarine. RÉSULTATS: Le taux global d'utilisation de la warfarine était de 66.8%. Le taux varie selon les régions des hôpitaux de référence, les plus hauts taux se retrouvant dans les états du Midwest et les plus faibles dans les états du sud. La variation selon les régions persistait après ajustement des résultats selon les caractéristiques des patients. Une analyse multivariée a montré que la probabilité d'être mis sous warfarine diminue significativement avec l'âge et avec l'augmentation de la comorbidité, diminue aussi chez les noirs et chez les personnes à faible revenu. Consulter un cardiologue (rapport de cote = 1.10, IC 95% 1.05-1.16), avoir un médecin de famille (rapport de cote = 1.23, IC 95% 1.17-1.29) et le résultat sur l'échelle CHADS 2 ≥ 2 (rapport de cote = 1.09, IC 95% 1.01-1.17) étaient associés avec une augmentation de la probabilité de l'utilisation de warfarine. 
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